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Method of synchronizing the injection with the engine phase in 



The present invention relates to a method of synchronizing the 
injection with the engine phase in an engine with electronic 
inj ector control . 

With the development of new generations of engines, 
particularly direct injection engines, electronic control of 
fuel injection into the cylinders has become widespread. It 
permits total control of the instant at which the fuel is 
injected into the cylinder. Thus, it enables the fuel to be 
injected with an accuracy of 3°, in other words within a very 
precise injection interval. 

In a four- stroke engine, it is important to know not only the 
position of the pistons in the cylinders, and consequently the 
position of the crankshaft, but also the phase of the engine. 
Thus, when the piston in a cylinder is at top dead center, it 
is important to know whether it is at the end of the 
compression stroke or at the end of the exhaust stroke. Two 
position sensors are used for this purpose. A first sensor on 
the crankshaft indicates the relative position of the pistons 
in the cylinders and a second sensor on the camshaft indicates 
the engine phase (induction, compression, expansion .or 
exhaust) . 

Generally, the information supplied by the sensor located <6n 
the camshaft is used only when the engine is started, ' t6 
determine the cylinders into which the first injections are =to 
be made. The injection sequence is then implemented according 
to a predetermined cycle and only synchronization with the 
crankshaft is required. 



an engine with electronic injector control 



The object of the present invention is therefore to provide a 
synchronization method which, on starting, makes it unnecessary 
to rely on the information received from the sensor located- on 
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the camshaft. Thus, even if this sensor is defective, the 
engine can still be started. It is also possible to eliminate 
this sensor, which is not used for any other purpose. 

For this purpose, the invention proposes a method of 
synchronizing the injection with the engine phase in an engine 
with electronic injector control having n cylinders into which 
fuel is injected successively in a predetermined sequence, the 
fuel injection being synchronized with the position of the 
piston in the corresponding cylinder. 

According to the present invention, this method comprises the 
following steps, performed when the engine is started: 

injection of fuel into m cylinders in the predetermined 
injection sequence when the corresponding pistons, put into 
motion by means of a starter, are at the end of the compression 
phase, m being determined in advance as a function of n, 

measurement of the engine speed and/or its acceleration, - 

continuation of the injection in the predetermined 
sequence if the engine speed and/or its acceleration exceed : a 
predetermined threshold, the injection being synchronized with 
the engine phase in this case, 

continuation of the injection with a phase change with 
respect to the preceding injections and with respect to the 
predetermined sequence, this phase change being a function of n 
and m, so that the injection is synchronized with the engine 
phase, in the contrary case. 

In this method, it is accepted that, for the first m injections 
carried out, the injection is not synchronized with the 
compression phases of the engine. This lack of synchronization 
is then detected and corrected. 

Preferably, the engine speed and/or its acceleration are 
measured after approximately one revolution of the engine. This 
makes it possible to limit the time for which the injection is 
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not synchronized in cases in which the first injections are not 
carried out in a compression phase. 

If the engine to which the method according to the invention' 5 is 
applied has an even number of cylinders, fuel is injected into 
half of the cylinders before the engine speed or its 
acceleration is measured; in other words m = n/2. 

To confirm that the choice made after the first measurement is 
correct, a second measurement of the engine speed and/or its 
acceleration is made after p further injections, p being 
determined in advance as a function of n and m, to check that 
the synchronization is correct. In this case, it is 
advantageous for the second measurement of the engine speed 
and/or its acceleration to be made after two revolutions of the 
engine, in other words 'after n injections of fuel. 

In the method according to the invention, the position of the 
pistons in the cylinders of the engine is determined by a 
position sensor measuring the angular position of the 
corresponding engine flywheel. 

To prevent any excessive emission of unburnt fuel to the 
atmosphere, the invention proposes a variant embodiment in 
which the dose of fuel injected in the first m injections is 
smaller than that used in the subsequent injections. 

Details and advantages of the present invention will be made 
clearer by the following description, provided with reference 
to the attached schematic drawing, in which: 

Figure 1 shows the sequence of injection of fuel into the 
cylinders of a V6 engine, 

Figure 2 is a flow diagram for a method according to the 
invention for a V6 engine, and 

Figure 3 shows the sequence of fuel injections in three 
examples. 
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The present invention is described below in a preferred 
embodiment applied to an engine having six cylinders in a V 
formation. These cylinders are distributed in two lines, 
identified as A and B (see Figure 1) . The cylinders themselves 
are numbered from 1 to 6, cylinders 1 to 3 forming the line of 
cylinders identified as A and cylinders 4 to 6 forming the line 
of cylinders identified as B . 

In this case the engine is a four-stroke diesel engine, 
although the present invention is applicable to a four-stroke 
gasoline engine. An injector is provided to inject fuel into 
each of the cylinders. These six injectors are electronically 
controlled. Two sensors are generally provided to determine the 
instant at which the fuel has to be injected into the cylinder. 
In the first place, there is a sensor, referred to below as the 
crank sensor, which indicates for each cylinder the exact 
position of the piston sliding therein. The fuel must be 
injected when the piston is approximately at the top dead 
center, but at a slight distance from this top dead center. The 
crank sensor enables the angular position of the engine 
crankshaft to be found by measuring the rotation of the engine 
flywheel associated with this crankshaft. The crank sensor thus 
enables the position of a piston in a cylinder to be known, but 
does not enable the current phase of the combustion cycle to be 
identified. Thus the crank sensor can determine the top dead 
center for the six cylinders of the engine. However, when a 
piston is at its top dead center, there is no way of knowing 
whether it is at the end of the compression phase or the 
exhaust phase. This information can be obtained from the sensor 
referred to below as the cam sensor. This cam sensor is linked 
to the camshaft of the engine, or to one of the camshafts when 
there is more than one. Clearly, it is possible to provide one 
cam sensor for each camshaft. The angular position of "■i-a 
camshaft can be used, in a known way, to identify the phase ^bf 
the four- stroke cycle for each cylinder. 
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The information provided by the cam sensor is used when the 
engine is started. When the engine is started by a starter, 
fuel is injected into the first cylinder which reaches the end 
of the compression stroke. The position of the corresponding 
piston is given by the crank sensor and the cam sensor, and 
indicates that the corresponding valves are closed and that 
this piston has just compressed some air. 

The present invention proposes a method of starting the engine 
without the information provided by the cam sensor. This makes 
it possible to overcome a failure of this sensor or even to 
design an engine without this sensor, which would enable the 
cost of the engine to be decreased accordingly. 

In the V6 engine described above, the fuel is injected into the 
cylinders in a predetermined sequence to achieve correct 
operation of the engine. This sequence is shown in Figure 1. If 
an injection of fuel is made into the cylinder numbered 1, the 
next injection will be made into the cylinder numbered 4, then 
2, then 5, then 3, then 6, then 1 again, and so on. 

Figure 2 is a flow diagram showing the method according to the 
invention applied to the engine described above. It is assumed 
that the starter has just been activated. The crank sensor is 
then used to find the cylinder in which a piston has reached 
its top dead center. It is assumed that this is cylinder 1 in 
this case. Fuel is then injected into this cylinder 1 (with the 
piston at the normally specified distance from the top dead 
center) . At this point it is not known whether the engine phase 
in this cylinder 1 is the end of a compression stroke or an 
exhaust stroke. Fuel is then injected into cylinders 4 and 2, 
in this sequence, when the crank sensor indicates that the 
corresponding pistons are correctly positioned. 

When these three injections have been made into cylinders 1/-4 
and 2, a check is made to determine whether the injected fuel 
has been burnt (step TEST 1 of Figure 2) . If this is the case,: 
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the combustion will have supplied mechanical energy and the 
engine speed will increase. Otherwise, nothing will have 
happened, and the engine speed will still be equal to the speed 
produced by the starter. 

Consequently the combustion test is conducted by measuring the 
engine speed. It is assumed here that, if the engine speed is 
greater than 300 r.p.m., the fuel has been burnt and combustion 
has taken place in cylinders 1, 4 and 2. In this case, the 
injection cycle can be continued and the next injections are 
made into cylinders 5, 3 and 6. 

If the combustion test TEST 1 is negative, in other words if 
the engine speed remains below 300 r.p.m., it is assumed that 
the fuel has been injected at the end of the exhaust phase. The 
phase of the injection must therefore be shifted through 360°. 
In the present case, this means that fuel must be reinjected 
into cylinder 1, instead of being injected into cylinder 5 A 
series of injections into cylinders 1, 4 and 2 is therefore 
repeated. At the end of these injections, the combustion test 
TEST 1 is repeated in order to determine whether combustion has 
actually taken place and has supplied mechanical energy. If 
this is the case, the injection cycle can be continued and the 
next injections are made into cylinders 5, 3 and 6. 

A second combustion test (shown as TEST 2 in Figure 2) is 
conducted after these three further injections. If the first 
combustion test TEST 1 was positive, this second combustion 
test TEST 2 should confirm it. For this to happen, the engine 
speed must be greater than 300 r.p.m. 

Figure 3 summarizes the first injections in the engine * of 
Figure 1 in three separate cases. In the first case, it - is 
assumed that the engine is fitted with a crank sensor and a cam 
sensor, both sensors being in an operational state. In the 
second and third cases, the cam sensor is defective or possibly 
absent. In the second case, after the first three injections 
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(cylinders 1, 4 and 2), the combustion test TEST 1 is positive. 
The injection cycle continues. After the injections into 
cylinders 5, 3 and 6, the combustion test TEST 2 is positive 
and the injection cycle (1-4-2-5-3-6-1...) continues. 
In the third case, the first combustion test TEST 1 is 
negative. Injection is then repeated into cylinders 1, 4 and 2. 
A further combustion test TEST 1 is then conducted and is 
positive. The injection is then continued into cylinders 5, 3 
and 6, and the combustion test TEST 2 is positive. The 
injection cycle (5-3-6-1-4-2-5...) continues. 

The first combustion test TEST 1 is conducted after one 
revolution of the engine. It has been mentioned that this 360*? 
rotation is sufficient to establish and demonstrate the 
starting of the engine. The second combustion test TEST 2 J - is 
conducted if the first combustion test is positive, in other 
words two revolutions after the actual starting has been 
initiated. A complete cycle has thus taken place in each 
cylinder . 

To avoid the emission of excessive unburnt fuel, the quantity 
of fuel injected in the first three injections can be limited. 
These quantities must be sufficient to enable the engine to be 
started if the synchronization is correct from the time of the 
first injection. 

The method according to the invention is applied when the 
signal from the cam sensor is not available, either because 
this sensor is absent or because it is defective. On the other 
hand, the injection must be synchronized with the rotation of 
the crankshaft. Preferably, the vehicle is stationary. Before 
this method is applied, the engine control system checks that 
no error in the injection system has been signaled, to ensure 
that this starting procedure is not impeded. 
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The present invention therefore makes it possible to avoid the 
use of a cam sensor for starting a diesel engine or any other 
engine whose injection is electronically controlled. 

Tests conducted on engines have demonstrated the efficacy of 
this method. When the rotation speed produced by the starter is 
in the range from 210 to 230 r.p.m., the engine speed measured 
after three combustions in a six-cylinder engine is 
approximately 320 r.p.m. The speed of 300 r.p.m., for example, 
can also be used as a threshold for the combustion tests. This 
measurement does not require the use of a special sensor, since 
provision is made for measuring the engine speed in each engine 
for the engine control system. 

As a variant, it is possible to measure variations in the 
engine speed, rather than measuring the value of the engine 
speed. If a significant acceleration in the engine speed is 
detected, it can then be assumed that combustion has taken 
place and that the injection is therefore synchronized with the 
eng i ne pha s e s . 

The present invention is not limited to the method and its 
variants described above in the form of non-restrictive 
examples. It also relates to all other variant embodiments 
which may be produced by those skilled in the art within the 
context of the following claims. 



